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(54) Antenna operating bi diversity, in particular fbr mlcfD-ceO mobile communication systems^ 
and communication method using ttie antenna 

(57) The antenna (1) combines the position-diver- 
sity and angle<fiver6ity operation cilteria Thanks to 
such combination, the antenna gain (G) has ma)dma 
already when the dtetance (d) between the antenna ele- 
ments (5) IS comparable with the operation wavelength 
(X) or writh a fraction of that wavelength. The preferred 
application concerns micro-cell or pico-cdl mobiie radio 
communications sterns operating in uiban environ- 
ment. 
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Description 

The present invention relates to antennas operating 
in diversity. 

Ihe invention was developed by paying particular s 
attention to Ks possible use in personal communication 
systems or miao-cell (or pico-cell) mobile radb sys- 
terns intended to operate in an urban environment, such 
as the systems known as DECT (Digital European 
Cordless Telecommunication) and in particular the sys- 10 
tern known as DCS (Digital Communication System) 
1800. For a general description of these systems and 0I 
the problems associated with their use, reference can 
be made to the papers "Practical Considerations of 
Using Antenna Diversity in DECT* by P.E. Mogensen is 
and S. Petersen, presented at the 1994 IEEE 44th 
Vehicular Technology Conference. Stockholm, 8-10 
June 1994 and published on pages 1532-1536 of Vol- 
ume 3 of the Proceecfings of the conference, or "DCT 
1800. una soluddn DECT para aplicaciones de aoceso so 
por radjo", by X9.M. Campbell and P. Hannema. Ericsson 
Review. Na 2. 1994, pages 84^. 

In ar^ case, it should be stated that the present 
invention applies in general to antennas operating in 
diversity, regardless cf the specific application oonsid- 2b 
eredabova 

In micro-ceil or pico-ceD systems fike those men- 
tioned above, it is desirable to keep the antenna size as 
smali as possible, in order to avoid excessively bulky 
structures This also applies to base stations, tor which so 
wall rhounted antennas are fr^uently used to cover a 
certain oeD area. When using that sdutoi, situations in 
which the main dimension of tfie cell is not parallel to the 
antenna borestght are quite common. This occurs, for 
instance, in the case of a wall mounted dipole antenna 35 
used to ensure coverage of a road section or of a tunnel, 
fnlhis case the pc^bility of steering the antenna beam 
so as to align it as closely as possisle to the main 
dimension of the cell seems niteresting. 

ItisalsoweU krownthatsuchsystemsareparticu- 40 
larly prone to fading phenomena mainly due to multiple 
propagation paths. Antenna diversity has been conven- 
tionally adopted in telecommunications to obviate the 
fading phenomena (see the aforem^oned document 
by Mogensen and Petersen). 46 

Cun'ently, one of the most widely used solutions 
entails the use of antennas operating with spatial (or 
position) diversity: in pradice. the antenna comprises 
two or more elements, usually identical, each of which 
operates as an antenna, fbr Instance a dipole antenna, so 
In USB, the element which at that movement provides 
the best perfonnance in temis of rec^ved field intensity 
or power. Bit Error Rate. etc. is selected as active ele- 
m^ ft Is well known that diveraty systems operating 
on the basis of that criterion are the more efficient the sff 
more widely spaced the irxlividual elements: ondeed, it 
is dear that the longer tiie distance between the ele- 
ments, ttie lower the probability tiiat the various ele- 
ments of the antenna m^ be influenced negatively and 



to the same extent by fading. Cl^y. this requirement 
for spatffll diversity is at odds with the desire to limit the 
overall size of the antenna. 

Another diversity technique is tine one whoch may 
be d^ined as "angle" diversity. In tills case, the ele- 
ments of the antenna system differ In their polar charac- 
teristics (typically, their radiation diagrams), so tiiat, 
when the disturbance is at its highest intensity in tiie 
main. lobe or lobes of one of the elements of the 
antenna, the ottier element or elements are able to 
assure a better performance level. 

The present invention aims to provide an antenna 
operating witii diversity techniques which is capable of 
improving radio coverage. In particular but not only in 
nuao-celi and pic&cell mobile rad o systems, while Sm- 
iting significantiy the size of tiie antenna and of tiie sys- 
tem associated witii it. 

According to tiie present invention, tills goat is 
attained thanks to an antenna and to tfie related radio 
communication metitod that have the characteristice 
de8crik>ed specifically in the claims which foUowL 

Essentially, the antenna according to tite invention 
is based on an association of spatial and angle (or 
phase) diversity, since it has been discovered that, 
tfirough this^mbination and as a function of tiie dis- 
tance between the radiataig eiementSt it is pos^tsle to 
att&dn an appredable dtversity gain whHe maintaining 
tiie racBating etements very dose to each otiier (at d^ 
tances comparable witti tiie operafir^ waveier^ or 
wtth fractions of tiiat wavelengtti); therefore tiie antenna 
and the assodated system are not penalised in terms of 
overaDeize. 

In one possH^e embocOment an cuitenna according 
to ttie invention simply comprises two identical radiating 
elements placed over a ground plane, and a microstrip 
dmuit, of the type known as 90^ hybrid, which connects 
in quadrature the input ports of tiie two antenna ele- 
ments Old allows an increase In botii tiie absolute gain 
md ttie diversity gala 

As wilteseeninore^leady lurtiwon. Ihisembod- 
iment can also be extended and generalised to a stnic- 
ture con^Drising any number of radiating elemeniB, fbr 
example in an array. 

Fiiom this point of view, tt^n be observed tiiat in 
purely structural tenms - tiie solution according to the 
Invention can be assfmUated to the antenna structure 
currentiy knovm as "phased array*. In this regard it 
should be noted that the reference to a SO"" phase sNft, 
or to a quadrature connection of tiie antenna elements, 
is not mandatory, since the chdce of a different phase 
shift results only into a different spatial orientation of ttie 
overall radiation cf agram of the antenna 

For a fuD appreciation of ttie invention, it is to be 
observed that, in OTder to detain a significant Improve- 
ment over a single antenna when operatir^ wiUi diver- 
sity techniques, conventionally it has been deemed 
necessary to space apart ttie antennas by a distance 
corresponding to a certain number of wavelengtiis, usu- 
ally at least five wavelengtiis 
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The solution according to the invention instead 
goes in the opposite direction, by optinv'sing the dis- 
tance between the radiating elements and thus defining 
a range of optimal cfistances which maximise diversity 
(and absolute) gain lor cells of cfifferent shapes, while 
keeping the d*6tance(8) between the various elements 
at a minimum. 

The invention shall now be described, purely by 
way of non limiting example, with reference to the 
enclosed drawings, in which: 

• Figures 1 and 2 are two perspective views of an 
antenna according to the invention, as seen from 
two substantially opposite points of view. 

- Figure 3 is a sdiemaAic representation of the dec- 
trical structure of an antenna like the one depicted 
In Rgures 1 and 2, 

• Figure 4 shows a typical a^licatkm of an antenna 
according to the invention, and 

- Figure 5 is a cfiagram illustrating the operation and 
the advantages of the invention in terms of gain, Ibr 
the application shown In Figure 4. 

In the drawings, reference 1 generafiy Micates an 
antenna comprising, according to a known solution, a 
base plate 2 made of dielectric material such as Tefion, 
of which one side (the upper one in Rgure 1} is coated 
wi^ an electrically conductive material such as copper. 

Base plate 2, which has an overafl rectangular 
shape, bears a paraBeleplped shaped element 4 on a 
portion of one of Its surfaces (In the example shown, the 
upper face in Figure 1). Element 4 also is made of die- 
lectric material such as f ibreglass loam. The face of ele- 
ment 4 opposHe to base plate 2 bears two strlpa 5 made 
of electrically oonductive material such as copper, form- 
ing two anteraia elements spaced apart by a cfistance d 
(referred to the longitucSnal axes of the two strips). 

Reference 6 indicates two connectir^ terminals (in 
the example stKTwn, two Uishings tor connection to a 
coaxial cable) located <yi the face of plate 2 bearing ele- 
ment 4 and connected, on the opposite face (better vis- 
ible in RgurB 2) to two microstrfp linee 7 made of 
electrically conductive material. Each of these lines is 
made according to the current techniques for the manu- 
facture of hybrid drcuits and is in turn connected to one 
of the strips 5. fbrmlr^ the antenna elements, through a 
conductor 8 that passes through dielectric element 4 
(and therefore is depicted with dashed lines both w\ Fig- 
ure 1 andinRgure2). 

On the lower face of plate 2. the two microstrip lines 
7 are connected to two crossing elements 9, so as to 
bring about the general antenna structure shown sche- 
matically In Rgure 3. in which the two straps S constitute 
two Identical radiatng elements whteh are placed over a 
ground plane, are parallel to each other and are spaced 
apart by a dtetance d. whilst the set of micn^strip oon- 
necfions 7, 8. 9 fbnns a so-called 90*' hybrid which con- 
nects the two terminals or Irput ports 6 to either 
antenna or antenna element in quadratwe, thus respec- 



tively through a direct connection and through a cross 
connection to which a BO^ phase shift is associated. 

As has already been s^ted in the introductk^n of 
the specifnation. constaictk)n technkpjes for antennas 
$ of the type specified above are well known and there- 
fore they do not to require a detailed description here, 
also because they are not of relevance for understand- 
ing and implementing the invention. 

Antenna -1 is associated with a radio communica- 
10 tion unit canying out, through antenna 1 itseff, the func: 
tion of transmitting and/or receiving radio signals at a 
given wavelength X. In the example depicted, which is 
the most common one, the radio communication unit to 
which antoina 1 is associated conprises a transmitter 
15 TX and a receiver RX (both of a known type) coupled 
(also in known way) to antenna 1 through a diversity cir- 
cuit (switoh) D. 

The function of circurt D is essentially to ensure 
that, durffig operation, active elem^ used at a 
20 given moment for reoeptfon and/or transmlsston is the 
one among the antenna elements 5 which, at that 
moment rneets a pre-set diversity operation criterion, 
aimed at optirriteino the performanceof the system as a 
whole. 

25 For example, a-cdmmonly used criterton is to meas- 
ure the intensity or power of the useful signal received at 
a given moment by the various antenna elem^rtB and to 
use for reception tor transmission) the element that at 
that moment receives the higheet us^ signal intensity 

30 or power. It Is of course possible to adopt different crite- 
ria, for example, to measure the Bit Error Rate (6ER) 
assodated with the signals rec^ved by the various 
antenna elements and using the elemeit that at the 
moment provides the l^est BER. 

85 Whatever the operating<mterion adopted, this crite- 
rion klentif ies. in an antenna like antenna 1 of Figures 1 
through 3. a given relationship between the antenna 
gain and dl^ance d betwe&i the antenna elements 5. 
An example of tfBs relationship is shown in F^jure 5, 

40 which will be epgpbined further on. 

It shouM inany case be stated that forihe purpose 
of implmenting the Invention, generally ttie specific 
choice of the diversity criterion (i.e. of the criterion fbr 
tiie selection of the antenna element to be used at a 

45 given moment: largest ampfrtude or power, fowest BER. 
eto.) Is not critical fVom tills point of \new it can there- 
fore be affirmed that the solution according to the inven- 
tion (uB. the combination of position or speM diverBHy 
and of angle diveisity. with a specif tc ohox^e of the dis- 

50 tence value) is essentially "transpar&tt" to the diversi^ 
criterion adopted. 

If the signal feeding means (tiiis temi demiting ttie 
whole of elemente 6, 7, 8. 9 as specified better below) 
placed between tiie antenna elemente 5 and the radio 

66 communication unit RX. TX. O define phase-shifted sig- 
nal patiis<for example by 90'). the relationship between 
antenna gain and the distance d separating the various 
elements S exhfolte at least one maximum gain value for 
values of distance d comparable to wavelengtii X used 
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or to fractions of that wavelength. This clearly departs 
from the currerrt knowledge, according to which the 
absolute or divenBity gain of a positron dversity antenna 
becomes appreciable only for distances d equal to a 
ratha- high n^ltiple (five times or more) of wavelength X 
. used. 

This tact was verified by the applicant, for example 
wth reference to the utilisation situation, typcal of 
micro-cell or pico-cell systems, shown schematically in 
Rgure 4. 

In this Figure an antenna 1 like the one shown in 
Figures 1 through 3 is mounted with radiating elements 
5 oriented vertically on one of the waUs W bordering a 
passageway such as a road. The average antenna gain 
has been detemvned in the transmission towards a 
mobile receiver R moving along the road, In a typical 
multlpath fading stuation. Muttple paths are exem^i- 
f led in Figure 4 by a direct path S and a reflected path 
comprising two sectk^ns Ml , M2 respectively before and 
after reflection on wan W opposite to the one on which 
the antenna is mounted. The diversity criterion adopted 
was that of maximum received power. Wavelength X 
was about 16 cm and phase shift angle ^ determined by 
microstrip lines 7, 8 and 9 was 90'', so that the directksn 
of .maximum sensitivity of the antenna was oriented 
along the road traveOed by receiver R. 

The results obtained are shown in ihe diagram In 
Figure 5, where ratio d/X between distance d separating 
elements 5 of antenna 1 and wavelength X Is pk}tted on 
the x«axis. 

Inthedia^am: 

- the solid line cun/e shows the ir&nti of diversity gain 
Q attainable, as distance d (d/X ratio) varies, by 
using two antennas operating with position diver- 
sityjnstead of a single isolated ant^ina, and 

- the clashed and dotted line curve shows the diver- 
sity gain attainable, again as a function of distance 
d (d/K ratk)), with an antenna according to the 
Invention. 

In lx>th cases, the diversity gain On dB) refers to the 
average power received by recover R in a path along 
the road defined by walls W. 

The solid line curve (In praclicei a straight line wSh 
constant slope) represents a conflrmaticm of the cuirait 
knowledge in the fiekJ of spatial diveiBity and shows that 
the ga'n attainable by operating in diversity has an 
appreciable values only for values of distimce d equal to 
several wavelengths (for instance, five). In particular. It 
shoufd be noted that for distances d up to twice the 
wavelength X, the traditional diversity gain remains a! 
very low levels (0 to about 0.75 dB). 

On the contrary, with the solutk)n according to the 
inventton the gain curve exhft)itB, within the range 
shown (P s d/X s 2), a markedly oscillatory trend, to 
some extent siniilar to an overshootnig characteristic. 
Otherwise slated, the curve is rather similar to a sinu- 
soM of slowly decreasing amplitudecentred on a stowiy 



. growing average value, so as to exhibit maxima of the 
order of about 3 dB and minima essentially positioned 
on the sdki line curve of the conventnnal diversity dia- 
^m. Thanks to the much higher gain with respect to a 

5 traditional antenna. It Is thus possible to cover an area of 
interest with a much lower number of antennas, thus 
obtaining remartoble savings on construction, installa- 
tion and maintenance costs. 

in particular, with a distance d of abort 0.4 X it is 

10 already possible to attain a gain essentially equal to 3 
dB. such as the one attainable, when operating tradi- 
tionally, only with cfistances larger by at least one order 
of magnitudeL 

With reference to the spaliceiion of the structure 

IS depicted in Figures 1 and 2 to a DECTT system (X s 16 
' cm), the first nraxinbum of the dashed and dotted One 
diagram is obtained for an abscissa value d/X - 0.4 
which, in terms of distance d between elentents S, 
wouMoorrespondtoaboute^cm. in practice however 

20 thai value ffirst ma)dnftum of thediagram) te often unus- 
able dje to the coupling betwe&) tie antenna elements 
5. For tfiat reason, values of d con^esponding to the sec- 
ond or possibly the third maximum of the digram, i.e. 
values of d correspondng to d/X s 0.9 -(d » about 14.4 

25 cm) or d/XBl.4 (d s about 22.4cm) respectively, are 
usually chosen. As can be deariy sem, such values of 
distance d are sGg^y tower or slightly Kgher Unan, but 
comparable with the value of waveier^ X. Usually, the 
choice of the fourth maximum (d/X about 1.8) is too 

30 penalising in terms of size. In a practical embocfiment of 
the antenna shown in figures 1 and 2, intended to oper- 
ate as a wail mounted antenna for a DECT eyetem, the 
two antenna dements 5 had a thickness of a few 
microns, a wkithof about ^ mm and a length of about 

36 80 nvTi. The second maximum of the gain was exploited 
and thus the size of base plate 2 was of the order of 20 
X 20 cm. The advantages of the inventton 'm terms of 
size are thus readily apparent 

As previously stated, with the terminotogy adopted 

40 in the^ims whiohlDUow, #ieohofoe«f VEriuesoftfis- 
tance d corresponding to one of the first maxima of the 
dashed and dotted line curve in Rgure 5 can be defined 
as the Gh(^ of a value of distance "comparatde" with 
communication wavelengtft X or a fraction therect 

46 For the sake of clarity; it shouM be Specified thalln 
the present description and in the claims, reference was 
made to connectors 6 and microstrip dements 7, 8 and 
9 as "signal feeding means'. It is wholly evident that this 
term refers bofli to transf oring the r^ frequency sig- 

so rials applied to cormectors 6 towaidaradiatiiigelerTients 
5 (when the antenna operates In transmission), and to 
transferring the radio frequency ^nals detected by 
radiating elements 5 towards connectors 6 (when the 
antenna operates in reception). 

55 Again, it is evident that the fimclton of geierating 
signal pattis which are phase shifted with respect to 
each other, accomplished iiere by means of nticrosu^ . 
elements 7, 8 and 9 oudd be peribrmed, ofi a well known 
nranner, with different^utions, tor exanple by using 
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phase shifters associated with radio communication unit 
TX. RX. Dl rather than with radating elements 5. as in 
the exemplary embodiment ehown here. 

Of course. whOst the principle of the Invention 
remains ^id» the construction detaile artd embodi- 
ments can be varied wUely with respect to what has 
been desaibed and iilustrated. without departing fr<»n 
the scope of the present invention. 

Claims 

1. Antenna operating with diversity techniques for 
radio communication urvts anranged to perform at 
least one of the functions of transmission (FX) and 
reception (RX) of radio signals at a given wave- 
length (X). said antenna (1) comprising ai least a 
first and a second antenna elem^ (5) placed at a 
given distance (d) and associated with radio signal 
feeding means (6, 7. 8. 9) interposed, in use, 
between sakH at least a f ffst and a second antenna 
element (5) and eaid radio communicafion unit (TX, 
RX), wher^, in use, one of eaid at least a first and 
a second antenna element (5) is utilised selectiveiy 
as an active element acoorcfing to a predetermined 
criterion of (Sversity operation, said criterion identi- 
fying a given relationship between the diversity gain 
of Ihe antenna (G) and smd distance (d^. character* 
ised In that said lariiQ signal feeding means (6. 7, 8, 
9} define, for said at least a first and a second 
antenna element (5), respective signal paths phase 
shifted with respect to eadi other by a given phase 
angle ((^), such that scud given reiationsf^ exhbits 
at least one maximum of the value of said diversity 
gain for at least one respective value of said dis- 
tance (d) comparable to said wavelength (X) or to a 
fraction thereof; and said at least a first and a sec- 
ond antenna elements (5) are placed at a distance 
(d) essentially equal to said at least one respective 
vabje. 

2. Antenna as per daim 1 , characterised In that said 
given relationship OKhbits a plurality of maxma of 
the value of saki diversity gain for a respective plu- 
ralify of values of said distance (d} in increasing 
order and in that said at least a first and a second 
antenna elonent (5) are placed at a given distance 
essentially oon-esponding to the second or to the 
tMrd of said nruodma of the diversity gidn value. 

3. Antenna as per dalm 1 or as per daim 2, character- 
ised in that said signal feeding means (8, 7, 6, 9) 
ddine respective signal paths phase shifted with 
respect to each other by a given phase angle W 
essentially equal to 90*. 

4. Antenna as per any of the previous claims, charac- 
terised m tt^ said at least a first and a second 
antenna element (5) are elongated elements 
arranged side by side at said given distance (d). 



5. Antenna as per claim 4. characterised In that said 
elongated elements <5) have essentially Identical 
lengths. 

5 6. Antenna as per daim 4 or daim 5, characterised In 
that said at least a first and a second antenna ele- 
ment (5) are in the form of strips of conductive 
materials. 

10 7. Antenna as per any of the previous daims, charac- 
terised in that said radio signal feeding means com- 
prise micrcstrip elements (7, 8. 8). 

8. Antenna as per any of the previous daims, charac- 
15 t»rised in that sa'd at least a first and a second 

antenna element are located over a ground 
jDlane (3) made of electrically conductive material. 

9. Anterraasperdaffn8.charaderisedinthata6^ 
20 aration iaya' t4} made of dielectric material is inter- 
posed between eaid at least a first and a second 
antenna elements <5) and said ground plane^^). 

10. Rado comnumication method for performing at 
2ff least one among the functions of radio signal trans- 

mssion ^TX) and reception (R)Q by feeding radio 
signals at a given wavelength (X) respediveiy 
towards and from an antenna (1) ^compriskig at 
least a first and a second antenna element (5) 

30 anranged at a given distance (d), said method 
selectively utilising one of said at least a first and a 
second antenna dement (5) as an active dement 
according to a predetermined diversity operation 
criterion which identifies a tfven rdationship 

S5 between the diversity gain of the antenna (0) and 
said distance (d^. characterised in that tiie feeding 
of said radio signals with respect to said at least a 
forst and a s^ond antenna element (5) Is accom- 
plished with signal paths phase shifted with respect 

40 to each other by a given phase angle {4)« so that 
said given relationship exhibits at least one masd- 
mum of tfie value of said diversity gain for at least 
one respective value of said distance (d) oompara- 
ble to said wavelengtii (X) or to a fraction th^eof. 

46 and in that said at least a first and a second 
antenna element (5) are set at a distance <d) essen- 
tially equal to s£dd at least one respective value. 

11. Method as per claim 10, characterised in that said 
so given relationship exfut^its a pluraTity of maxima of 

said diversity gain for a re^>ective pluraEty of values 
of said distance (d)» in increasing order, and in ttiat 
said at least a forst and a eecond antenna elements 
(8) are set at a given distance eseenfially corre- 
S5 Spending to tite eecond or the third of said maxima 
of said diversity gala 

12. Method as per daim 10 or daim 11, characterised 
in that ^aid -signal paths ^, 7. 8. 9) are phase 



' Best Available Copy 



9 EP0749216A1 10 



6hmed with respect to each other by a phase angle 
(^) essentially equal to SO"". 
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